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Ob ject ives 
I . I NTRODUCTION 
A member of  the hea th fami ly, Ericaceae, Pieris f l oribunda 
Benth . and Hook . is endemic to the S outhern Appa lachian Mounta ins, its  
dis tribut ion being concentrated in t he �igher e levat ions of the Grea t 
S moky Mountains Na t iona l Park. 
For ma ny years these sma l l  shrub s have been noted growing bes ide 
the tra i ls in the Park in s ome of the mos t xeric habitats, es pecia l ly 
pine-heath commun i t ies, along with other ericaceous p lants.  By c l ose 
examina t ion of the c l imato l ogy, s oi l s  and a s s ocia ted vegetat ion of  
these hab itat s, it wa s hoped tha t s ome clues might be found as to 
wha t factors a l l ow �- f l oribunda to  survive and reproduce in these 
xeric hab itats.  Through inves t igat ion of the above and certa in as pects 
of the auteco logy of P ieris, the vegetat ion a l  role of this hea th shrub 
in this part icular commun ity might be c l arif ied. 
The S tudy Are a 
The Great S moky Mountains of wes tern North Caro l ina a nd ea s tern 
Tennessee are an area of great environmenta l and vegetational divers ity. 
Mt . Le Conte , with a peak e levation of  6593 feet, is one of the h ighe s t  
mounta ins in the region. Locat ed on it s wes t ern slooe is the Bul lhead, 
the s it e  of thi s  studv. 
Whittaker ( 1 9 5 6) describes f if teen vegetat ion types as being 
present in the Great S moky Mountains Na t iona l Park. The ma j ority of 
l 
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these wou ld be encountered on a scending Mt . LeConte . The pine-hea ths , 
with wh ich th is paper is concerned , a re cha racterized by pine woods 
with a dense understory of hea th shrubs . They a re most f requent on 
southern exposures between 3000 a nd 4000 feet in eleva t ion . These 
pine-hea ths occur predominant ly on ridges and may extend f rom the cove 
ha rdwood zone to the very lower l imits of the spruce- f ir zone. S uch 
a wide distribut ion is to be seen on the Bul lhead Tra i l . The topo­
graph ic distribut ion of these p ine-heaths is compa rab le to tha t of 
the hea th balds , but at a lower eleva t ion than these (Ca in , l 93la) . 
The pa rent rocks of most of the soils of the Grea t Smoky 
Mounta ins a re qua rtzites , s la tes and sandstones (Hadley and Goldsmit h , 
1 9 63) . General ly , the soils a re acid w it h  the grea test acidity 
occurring in the h ighest e leva t ions and most exposed s ites (Whittaker , 
1 95 6) .  Ca in ( l 93lb) found tha t  a pine-heath a t  3400 feet eleva t ion 
in the Great S moky Mount a ins had an average soil depth of six inches 
and an average pH of 4.9 for the surface soi l s  with a range from 5.6 
to 4 . 1 ,  and a n  average pH of 5 . 0  for the subso i l  with a range of 5 . 8 
t o  4 . 5. 
The clima te of a pine-heath a t  an e leva t ion of 4000 feet falls 
with in t he perhumid c l a ss of the Thornthwa ite ( 1 948) clima t ic cla ssi­
f ica t ion . Precipita t ion a t  this eleva t ion is between 78 inches a nd 
89 inches per yea r ,  ba sed on a f ive yea r  mean (S hanks , 1 9 54) . Accord­
ing to Tanner ( 1 9 63) , the isotherms of da ily max ima on north- facing 
s l opes follow the a l t itudinal cont our lines. However ,  on sout h-f acing 
s l opes , the isotherms a re perpendicu l a r  to the con tours. For example , 
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a ridge extend ing down a mountains ide wh ich wou ld probab ly be occupied 
by a pine-heath or heath bald , wou ld have an isotherm connect ing its 
upper and lower l imits. 
Pier is 
The nomenc lature of the species of P ier is f o l l ows t hat found in 
Bai ley ( 1 930) . Pa lser (19 52) d is cus sed the various characters emp loyed 
to de l imit the larger p lant groups in the Er ica les , espec ia l ly the mega-
sporogenes is and the devel opment of the megagametophyte in the 
Andromedeae. 
" 
The ent ire genus may be characterized by the f o l l owing: the 
leaves a l ternate , short pet io led , ent ire or s erru late: f l owers 
in of ten pan ic led racemes; ca lyx - l obes va lvate or d i s t inct; s tamens 
ten; anthers ob tuse , with a pair of awns near the bas e or the f i laments  
two- toothed be l ow the apex: capsu les with f ive dehiscent valves; seed s 
l inear- ob long , not winged , with membranous tes ta" (Bai ley ,  1 930) .  
Figure 1 i l lus trates the typical f l ower , fruit and seed o f  Pier�� 
f l oribunda. 
The genus Pieris is quite d ivers if ied in many respects , being 
both deciduous and evergreen , vary ing from sma l l shrub s to  trees 40 
feet in height an d with a geograph ica l range with one center in eas tern 
A s ia and the other in the eas tern ha lf of the United S tates . In the 
Un ited S tates , Pieris' range extends from Wes t Virgin ia , wes tern 
Virg in ia , wes tern North Caro l ina , to eas tern Tennes see , and northern 




Figure 1 .  Reproduct ive structures of Pieris f loribunda, Benth . and 
Hook . (a) F l ower, XS; (b) cap su l e, X4; (c) seed, X lO (from Wood, 
C .  E., 1 9 6 1) . 
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Pieris f loribunda is considered a s  endemic to the Unaka range 
of ea s tern Tennes see and wes tern North Caro lina, with its  distribution 
centering in the Great Smoky Mount ains (Cain, 1 930) . Whittaker ( 1 9 5 6) 
f ound tha t the dis tribution of P. f loribund a  in the S mokies centered 
in xeric sites and a t  times extended into subxeric and submesic ones. 
Usua l ly � · f l oribunda is limited to e leva tions above 4000 feet in the 
Smokies,  but scat tered p l ants have been seen a l ong the Bu l lhead Trail 
extending a s  low a s  3000 feet in eleva tion. A l ong the B lue Ridge Park-
way in North Caro lina, P. f l oribunda occurs at lower e leva tions as is 
seen in Figure 3 .  
Pieris is cu l tiva ted a s  an ornament a l  shrub in many l oca tions; 
P. f loribund a and P. mariana are used in the northern United S t a tes 
where they are va lued for the ear lines s of their f lowers. � · japonica, 
which wa s introduced from Japan, and � · f ormos a, from the Eas tern 
Hima layas,  are considered the mos t beautif u l . P. fo� is res tricted 
t o  the southern regions of the United S t a tes while � . j a ponica may 
a ppear a s  f ar north a s  Ma s s achusetts, but in that environment, the 
f l owers are us ua l ly winter ki l led (Bai ley, 1 930 ) .  
The migra tion and evo lution of the Andromedeae in North America 
ha s been considered by Lems (1962) . Height growth in the Andromedeae 
is achieved by a s uccession of la tera l bud s since the termina l s hoot 
meris tem ha s a limited life s pan. The sequence of a "morphogenetic 
cyc le" inc ludes the f o l l owing: ( l )  ear ly bud growth, with deve lopment 
of sca le leaves; (2) growth of leafy shoot s;  (3) inf l orescence forma -
tion and forma tion of the f l ower bud s; (4) meiosis, pol len and ovu le 
F igure 3. Pieris f l or ibunda growing a l ong B lue Ridge Parkway ne ar Mt. P isgah, 
North Caro l ina (spring, 19 6 7) .  
....., 
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ma tura t ion; (S) f l ower open ing, subsequent pol l inat ion, a nd fert i l iza-
t ion; ( 6) fruit ma turat ion; and (7) de h iscence of fru it and seed d is-
pe rsa l. The t ime of interrupt ion of this se que nce by d ormancy is the 
criter ion Lems u t ilize s to d i s t ingu ish thre e  ma in type s of de ve l opment 
Ln North Ame rica among the Androme de ae. 
The cyc le of Pieris is as f o l l ows. In May and June new l a tera l 
shoot s are produce d and by Augus t the le ave s are mature and the in-
f l ore scence s have f orme d (Lems, 19 62) . The an the rs over w inter in the 
micros pore mother-ce l l  s t age . The se re ach the te trad s t age be f ore the 
ovu le s have de ve l ope d further than the megas pore mother-ce l l  s t age 
(Fa l se r, 1 9 5 1) . Fl owering occurs in the f o llowing s pring even though 
me ios is occurre d in the pre v ious Ju ly and Augus t. Ma turat ion of the 
fru it usua l ly is by Ju ly. Over winter ing in this condit ion may a ls o  
ind ica te the tropical orig in of the se specie s where flower dormancy 
be came a me ans of surviva l upon migrat ion. 
The one -se a s on cyc le, in which the whole re product ive cycle is 
comp le ted in one ye ar, is s a id to be the be s t  adapt a t ion t o  t he a l ter-
n a t ion of s umme r and winter se a s ons. Oxyde ndrum exh ibits s uch a cyc le. 
Other membe rs of the Androme de ae from S outh and Centra l Ame rica (�·�·, 
Lyon ia) ne ed two comp le te grow ing se a s ons f or one "morpholog ica l  
cycle, "  and Le ms ( 1 9 62 )  s pe cu l a te s  tha t a s  the se trop ica l Andromedeae 
migrated northward, surviv ing the w inter se a s on was accomp l i s hed 
thus ly: acce lerat ion of the cycle, dormancy of f lowers, and de lay of 
inf lore scence f ormat ion. For Pieris f l oribunda, surviva l seems to have 
be en accomp l ishe d  by dormancy of the f l owe rs (Lems, 1 9 62 ) . 
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Vegeta tiona l S t udies 
I t  has been noted by Whitt aker ( 1 9 5 6) that mo s t  ma t ure pine 
s t and s Ln the Great Smoky Mountains are of mixed s pecies whi le im-
mature ones are usua l ly sing le-s pecies s t ands . The picture Ln Figure 
4 was  taken from the trail in the Bu l lhead pine-heath where the s tand 
is predominant ly Pinus pungens . 
1 
According to Cain ( 1 937)  fire is the leading f actor in the main-
tenance of pine-hea ths . As deciduous trees make their a ppearance here, 
it can be seen tha t a s  they increased in number, the pines wou ld de-
crea se and fina l ly be elimina ted. Therefore, the pine-heath is mos t  
like ly a transi tory s t age. However, since its dura tion may be more 
than a century and may be perpetua ted a t  times by fires, Cain con-
siders it an eda phic or topogra phic climax . 
Whittaker ( 1 9 5 6) dis tinguishes two pine-hea th communities in 
t he S mokies on the basis of their d ominants: pitch pine (Pinus rigida) 
and table mountain pine (P. pungens) .  The pitch pine hea th is usua l ly 
found between the e levations of 2200 to  3200 feet . Quercus coccinea 
is usua l ly present and at times may s hare d ominance with the pine . 
2· prinus and Ca s t anea dentata  are a lmos t a lways present a long with 
Acer rubrum and Oxydendrum arboreum . S hrub coverage ranges from 40 
t o  70 per cent and the herbaceous cover usua l ly ranges from 5 to 20 
per cent . Ka lmia la tif o lia and Va ccinium vaci l lans or V .  hirs utum 
usua l ly d omina te the shrub s tra tum with Andropogon scoparius, Pteridium 
1 
Nomenc l a ture follows tha t of Ferna ld ( 1 9 50) . 
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Figure 4 .  Bu l lhead Trail in study are a (f a l l, 19 6 6) .  
1 1  
aquilinum var. la t isculum , Epigaea repens, Ga ultheria procumbens dom­
ina t ing the herbaceous layer. The ta ble mount a in p ine-hea th occurs 
toward t he upper limits of the p ine-heaths. At these higher eleva t ions, 
they are characterized by low s t a ture a nd den s i ty. The mos t prevalent 
s pecies in the tree s tratum a f ter Pinus pungens are � - rigida, Quercus 
coccinea, 2· prinus, Ca s tanea dentata, Nys s a  sylva t ica, Acer rubrum, 
Oxydendrum arboreum, Rob inia pseudo-acacia , and S a s s a fras alb idum. 
Kalmia la t ifolia and the Vaccinio ideae are the dominants of the s hrub 
s tra tum with a total shrub cover of 60 to 90 per cent . Whittaker s t a tes 
tha t Pier is floribunda may be a dominant at  the higher eleva t ions .  
Galax aphylla , Ep iga� repens and Gaultheria procumbens are the ma jor 
s pecies in the herb aceous layer with a coverage of only 5 to 20 per 
cent. 
Whit taker ( 1 9 66) found tha t the ab ove-ground net annual produc­
t ion is 420 - 6 50 g. /m . 2 for fores t hea ths of xeric slopes a nd fores ts  
of highes t elevat ions as compared to 1000- 1200 g . /m. 2 f or mature climax 
fores t s  of mes ic environment s .  He als o f ound that s hrub product ion is 
usually higher in xeric environments, be ing 20 - 145 per cent of tree 
product ion in f ores t  hea ths. 
I n  the s outheas tern port ion of the Blue Ridge Escarpment , a 
s tudy was conducted by Racine ( 1 9 6 6) of p ine ridge commun it ies. He 
found a two to  three inch imma ture mor humus la yer composed of a lit­
ter and fermentat ion zone but lacking the humus zone. The s oil itself 
is characterized by low nutrient content, the calcium concentrat ion 
never exceeding 50 p. p.m . and pota s s ium never above 80 p.p. m. 
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Racine (19 6 6) describes two community types f or these ridges, 
the p ine commun ity and the p ine- oak commun ity. The p ine commun ity 
was f ound to occupy the dries t ridges with scattered individuals of 
Quercus coccinea, Nys s a  sylva t ica, Quercus pr inus a nd Acer rubrum. 
A hea th of Kalmia lat ifolia or Vaccinium vacillans may occur in 
pa tches. The p ine-oak commun ity is characteristic of les s xeric 
ridges . There is a higher proport ion of oaks in comparison to p ines 
and the hea th is much more prevalent. This  commun ity seems to be more 
closely related to t he p ine-heaths of the Great Smoky Mounta ins t han 
the p ine commun ity. Cooper (19 63) and Rodgers (19 65) found t his s ame 
rela t ionship t o  be true of other p ine commun it ies in North Carolina 
wh ich they inves t iga ted. 
W illiams and Oost ing (1944) in a s tudy of the vegetat ion of 
Pilot Mount a in, North Carolina, found Pieris floribunda t o  be the 
dominant shrub s pecies occurring with Kalmia la t ifolia, Rhododendrum 
ca tawb iense, S milax rotundifolia, and Vaccin ium corymb osum var. 
pallidum. Pilot Mount a in is in the northwestern Piedmont of North 
Carolina and is isola ted from the Blue R idge. The peak eleva t ion is  
a pprox imately 20 00 feet. Pinus pungens, �· r ig ida, Oxydendrum 
arb oreum, Nys s a  sylva t ica, Acer rubrum, Quercus borealis var. max ima 
a nd Rob inia pseudo- acacia con s t itute the tree s tra tum. All f actors 
except alt itude correspond to wha t  C a in (l93la) refers to as sub ­
climax p ine-hea ths i n  the Great S moky Mounta ins. 
In a s tudy of the va scular flora of t he S outhern Appalachians, 
Ramseur (19 60) f ound Pier is to  be present in t hree dif ferent 
1 3  
commun it ies: in a hea th bald in the Plot t  Balsam Mounta ins, a s hrub 
bald on the Pisgah R idge and in the f ire cherry, gra s sy bald, heath 
bald, and s hrub bald commun it ies in  the B als am Mounta ins . He dis­
t inguishes the shrub bald from the hea th bald in tha t s pecies of 
s hrubby trees usually found at lower alt itudes are prevalent in the 
s hrub bald .  
Davis  ( 1 9 30) cla s s i f ies the vegetat ion of  the Black Mounta ins 
of North Carolina in to three format ions, the s pruce-f ir fores t ,  the 
northern hardwood fores t and the Appalachian forest. He further sub­
d iv ides the Appalachian f ores t  f ormat ion into three minor commun it ies, 
t he cove cl imax, the mes ic slope, and the xeric slope a nd ridge a s s oci­
a t ions . 
The cove climax a s s ociat ion is composed of s outhern hardwood 
s pec ies and characterist ically has  an unders t ory of hea t h  shrub s. I t  
i s  diff icult a t  t imes to dist ingu ish between the cove climax a s s oc ia­
t ion and the mes ic slope a s s ocia t ion .  The mes ic slope a s s ociat ion 
was als o found to intergrade into the xer ic slope and ridge a s s ocia­
t ion a t  its upper limits . However , th is a s s ociat ion is set off from 
t he other two because of the scarcity of hemlocks and p ines a nd the 
abundance of oaks. An unders tory of hea th shrub s is present here als o .  
The xeric slope and ridge a s s ociat ion is limited t o  the dry slopes a nd 
ridges and is characterized by the domina nce of pines and a few oaks . 
The p ines may of ten form pure s t ands . The underst ory of hea th is 
present and may be extremely abundant a t  t imes . 
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Davis f ound Pier is f l oribunda with a modera te percent age of 
frequency or abundance in t he mes ic slope a s s ocia t ion and t o  be both 
this and l oca l ly abundant a s  a consociation or clan in the xeric s lope 
and ridge a s s ocia t ion . 
I I .  METHODS 
S pecimens of Pieris from herbaria in the Grea t S moky Mount a in s  
region were exam ined and the co l lection s ites noted. From this , a 
l is t  wa s comp i led of l oca t ions of Pier is f l oribunda with in t he Great 
S moky Mounta ins Na t iona l Park and these loca tions were vis ited. The 
pine-heath commun ity traversed by the Bul lhead Tra i l , Mt. Le Conte , was  
chosen from a l l  the others for the study area because of its  l arge s ize 
and the abundance of Pieris . I t  is loca ted a pprox imately two and one 
ha l f  m i les ea s t  of Cherokee Orchard. 
The Bu l lhead Tra i l  in the s tudy area extends from 4 1 10 feet t o  
42 SO feet e leva t ion . The pine-heath itself  l ies on a s outh- facing 
s l ope , extending from the top of the ridge to varying distances down 
s l ope a s  can be seen in the aeria l photograph of the area in Figure 
S .  At its upper boundary a l ong the tra i l , the pine-heath merges with 
a hea th ba ld. 
A tota l of f orty sets of nes ted square p lots was  estab l is hed �n 
a line para l le l  to the Bu l lhead Tra i l. A comp a s s  wa s used to make 
adj acent p l ot edges para l le l. P l ots were s paced SO feet apart . 
Twenty of the p lots were estab l ished in dis turbed tra i l  edge 
veget a t ion to tes t its ef fect on Pier is dens ity . They were p l aced 
adjacent to  and with one edge on the tra i l. A table of ra ndom numbers 
was used to determine on which s ide of the tra i l  to p lace them. The 
l arger p l ot s were . OS acre (4 6 feet , 8 inches on a s ide) w it h  . 02 acre 
( 3 1  feet , 7 . S  inches on a s ide) and . 0 1  acre (20 feet , lO . S  inches on 
lS 
a .  S tudy area 
b .  Heath bald 
c .  Open oak 
d .  C ove hardwood 
16 
F igure 5 .  Aerial photograph of B u l lhead Tra i l  in the v icinity of the 
study area . 
Source: TVA aerial photograph AOB - l 5L- 9 1, Apr i l  1 9 , 1 9 54 . 
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a side) p l ots p laced in one corner of each of the . 0 5 acre p lot s .  The 
second twenty set s  of p lots of this same descr ipt ion were p laced at 
d istances greater than 50 feet from the trai l .  A tab le of random 
numbers was used to determine the d istance and direct ion (up or down 
s l ope) from the trai l .  A c l inometer was used to determine the s lope 
of each p lot and the length of t he sides was ad justed accord ingly . 
W ithin each . 0 5 acre p l ot , the d . b . h. (d iameter at breast 
he ight) of each t ree was measured and it s height est imated . The .02 
acre p lot was used orig ina l ly to measure the d iameter of the shrub 
layer (at one f oot from ground surface) . Because of the unif ormity 
of the shrub layer , it s samp l ing s ize was d iminished to . 0 1  acre . 
The d iameter of t he largest stem , the t ota l number of stems , and the 
max imum height of each shrub was recorded . Because of t he nat ure of 
the shrub layer , a sma l ler p l ot , one-ha l f  the area of the . 0 1  acre 
p l o t , was designated to measure the d iameter of every stem present. 
A l l vascu lar taxa present were l i sted and the percentage ground cover 
was est imated f or the herbaceou s layer in the . 0 1  acre p lot. 
The number of fruit per p lant , the number of runners per p lant 
and the growth f orm , whether vertical , horizontal or intermed iate , 
was a l so recorded f or Pieris . 
S o i l  samp les were taken from six locat ions within the study 
area and the th ickness of l i t ter , fermentat ion layer , and humus was 
measured at each site . The pH of each layer was measured with a Leed s 
and Northrup pH meter us ing a soi l  to water rat io of one to one 
(Jackson , 1958) . The samples were prepared and ana lyzed f or calcium , 
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magnes ium, pot a s s ium, sod ium, manganese and zinc content accord ing t o  
the procedure described in Append ix A .  
At f our s ites within the s tudy area, max imum-min imum thermometers 
were p laced a t  three d ifferent leve ls: one f oot above the l itter, in 
the l i t ter and at s ix inches be l ow the l it ter surface. A precipita t ion 
ga uge was  p l aced in a clear area a l ong the ridge. Read ings from these 
ins truments were recorded from Oct ober 1 9 6 6 through S eptember 1 9 6 7. 
Germina t ion experiment s  were conducted with s eed s of Pier is 
which had been co l lected in September and Oct ober of 1 9 66 from p l ants 
in the s tudy area . The experiments were conducted under contro l led 
tempera ture and phot operiod cond it ions in the l aborat ory. The d ay­
length was set a t  1 6  hour s day l ight and 8 hours darknes s  w it h  the 
tempera t ure varying between 74° F .  and 7 6° F .  
The seed s were p l aced in petri p l a tes on mo i s t  f i l ter paper, 
100 seed s per p l a te .  The seed s were s tra t if ied, two p la tes being lef t 
w it hout s tra t if ica t ion, and each month thereaf ter , two addit iona l 
p l a tes were removed from the cold room and p l aced under contro l led 
tempera ture and l ight ing. The co ld room wa s kept a t  6° C .  
A tot a l  of 131  fruits was  examined and the number of seed s per 
fru it was  recorded for each. Forty-f ive fru its were s tud ied micro­
scopica l ly and the number of seed s with viab le embryos was  noted . 
Ill . RES UL1S 
The d a t a  concerning each tree species were combined for p lots 
ad j acent to the tra i l  and those l oca ted at various d i st ances from the 
tra i l  a f ter the S tudent's "t" test a t  the 9 5  per cent leve l of signif i-
cance (S teel and Torrie, 1 9 60) showed no s ignif icant d if ferences to 
ex ist between the t ot a l  basa l area s of these two loca t ion s .  A summary 
' 
of density of tree taxa by d iameter c l a sses may be found in Append ix B .  
Frequency of  Trees 
The frequency of  the species in the tree stra tum is shown in 
Tab le I, inc lud ing the frequencies of these same spec ies under 1 . 0  
inch in d iameter and a s  seed l ings . 
Pinus pungens is the on ly tree spec ies t o  exh ibit a frequency 
of 100 per cent w ith Nyssa sy lvat ica and Acer rubrum having the next 
two highest frequencies of 7 7 . 5  per cent and 72 . 5  per cent respect ive ly .  
These three species a l so have the highest frequencies of trees less 
than l . O  inch in d iameter. However, the frequency of these spec ies 
a s  seed l ings is qu ite dif ferent . Acer rubrum ha s the highest f re-
quency of 62.5 per cent with Ame lanchier arborea and Quercus prinus 
having the next highest frequencies. 
Ilex montana and Viburnum ca ssino ides were f ound in the two 
p l ot s  cl osest t o  the heath ba ld at the upper extent of the p ine-heath, 
and are judged a typica l of pine-hea th stands. 
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TABLE I 
PER CENT FREQUENC Y OF TREE SPEC IES IN THE TREE STRATUM, 
UNDER ONE INC H DIAMETER AND AS SEEDLINGS 
Taxon 
Pinus pungens 
Nys sa sylvatica 
Acer rubrum 
Quercus prinu s 
Oxydend rum arboreum 
Robinia pseud o-acacia 
Hamame lis virginiana 
Cas tanea dentata 
Tsuga canaden sis 
Magno lia f raseri 
Sas saf ras al bidum 
Betula lenta 
Amelanchier arborea 
Hal esia carolina var. 
mon tic o la 
I lex mon tana 
PICea rubra 
Quercu s  rubra 
Fagu s grandif olia 
Acer pen sylvanicum 
Quercu s  velutina 
C l ethra acuminata 
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Dens ity and Basa l  Area of Trees 
The mean dens i ty and per cent t otal basal  area of the tree 
spec ies may be found in Tab le II. As can be seen , f ive spec ies are 
the mos t  preva lent . Pinus pungen s is dominant with Nys sa sy lvat ica, 
Acer rubrurn, Quercus prinus and Oxydendrurn arboreurn the next mos t 
numerou s .  
The diameters of the tree spec ies were p laced in c las ses t o  
correspond w ith ones used b y  Whit taker ( 1 9 56) t o  charac terize t he 
growth and surv ival of trees int o the larger s ize c las ses in var ious 
mo is ture grad ients . A logarithmic and l inear graph of tree spec ies 
in the B u l lhead Trai l  p ine-heath as compared to the pine-heath used 
by Whittaker is shown in Figure 6 .  As can be seen in the f igure , 5 9 . 6  
per cent of  the s terns in the s tand were within the sma l lest  s ize c las s 
( 1 . 0- 3 . 0  inches) wh i le Whittaker f ound approx imately 66 per cent t o  
fal l  within t h i s  c las s . In the s ize c las s 16- 1 8  inches , Whit taker 
found approx imately 0 . 36 per cent of  the s terns as compared to 0.16 
per cent in the s t udy area . This  large number of s terns in the sma l ler 
s ize c las ses and sma l l  number in the large s ize c las ses wou ld imply a 
cont inuous reproduc t ion and rep lacement in both s tands . 
Whi ttaker s tates that reproduct ion in the pine s tands �n the 
S rnokies is cyc l ic .  Th is periodic reproduct ion of the s tand is indi-
cated in Figure ?a by the large number of s terns in the srna 1 1  d iarne te r 
c lasses and the large number a l s o  in t he 8' 9' and 10 inch c las ses f or 
P inus pungens . Us ing the se same diameter c las ses for P. pungens in ---
the s tudy area g ives a rather c ont inuous decrease in t he number of 
TABLE II 
MEAN DENS ITY PER PLOT AND PER C ENT TOTAL BASAL AREA 
OF TREES IN THE STUDY AREA 






Nys sa sylvatica 
Acer rubrum 
Hamame lis virginiana 
Quercus prinu s 
Robinia pseud o-acac ia 
Ca s tanea dentata 
Tsuga canaden s i s  
Magno l ia fraseri 
Sas safras albidum 
Betula lenta 
Ame lanc hier arborea 
Hales ia carol ina var . mont ic o l or 
I lex montana 
VIbUrnum cas s inoides 
Picea rubra 
Quercus rubra 
Fagu s grandifolia 
Dens ity 
44.95 
1 7. 75 
1 2 . 60 
3.93 
3 . 60 
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F igure 6.  A compari s on of d iame ter d i s tribut ion of a l l  s terns in two 
pine-he a th s tand s: the s tudy are a and a s t and inve s t ig a ted by 
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D iame ter in inche s 
F igure 7 .  (a) P inus pun&e n s  i n  pine -he ath c ommun ity s tud ied b y  
Whit t aker ( 1 9 5 6) . (b) P .  punge ns i n  s t udy are a. 
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s tems from the sma l l  t o  the large d iameters a s  i l lus tra ted in Figure 
7 b .  This  wou ld ind i c a te tha t reproduc t ion in this s ta nd has  been 
cont inuous . 
Frequency and Den s i ty of S hrubs 
The d a t a  were aga in combined f or the shrubs s ince no s ignif i ca nt 
d ifferences were f ound between the tot a l number of s tems in t he d is ­
turbed and und is turbed areas us ing the Student's "t" tes t .  A summary 
of dens ity of shrub t axa by d iameter c l a s ses may be f ound in Append ix 
C. �a lmia l a t if o l ia had a 100 per cent frequency in the shrub s tra tum . 
Rhod odendrum max imum , Va ccinium sp . and P ieris f l oribund a had fre­
quenc ies of 7 5 . 0, 85.0, and 7 2 . 5  per cent respec t ive l y .  The dens ity 
of these shrubs was ca lcu l a ted by us ing the mean number of s tems 
w it hin p l ots  and not the number of c lumps of the spec ies . This  wa s 
thought to  be a bet ter es t imate bec ause it was d iff icu l t  a t  t imes t o  
d is t inguish one c lump from another . Pieris f l or ibund a h a d  the highe s t  
dens ity of 9 7.5 s tems per p l ot . Va cc inium sp . had a dens ity of 32 . 6 , 
Ka lm ia l a t if o l ia , 8 6 . 6 and Rhododendrum max imum, 3 . 2 .  
Herbaceous Cover 
The taxa contribut ing to the herba ceous cover a nd t heir fre­
quencies are l is ted in Table III . Su ch t axa as �ster sp . ,  Gerard ia 
f l ava , Andropogon scopariu�, Habenaria c i l iaris a nd Sol idago sp. were 
f ound to be present on ly a l ong the edge of the tra i l . Epigaea repens, 
Ga lax aphyl l a  and Ga u l ther ia procumbens were the mos t preva lent t axa . 
TABLE I II 
SPEC IES PRESENT AND THEI R  FREQUENCY 
IN THE HERBACEOUS COVER 
Taxon 
Andropogon sc oparius 
Aster sp. 
Chimaphila macu lata 
Epigaea repens 
Galax aphyl la 
Gau lther ia procumbens 
Gerard ia f l ava 
Habenaria cil iar is  
Lyc opod ium obscurum 
Medeola virgin iana 
Melampyrum 1ineare 
Monotropa unif 1ora 
Pter id ium aqu il inum 
Sol idago sp. 
Tri l l ium undu latum 
Vac c inium s p. 
2 6  
Frequency 













2 2 . 5  
1 2.5 
45.0 
The mos t  nume rous l iche ns in the s tudy are a were Ce traria 
tuckerman ii, Parme l ia caperata, Pse ude vernia con s ocians, Alectoria 
b icolor and Usnea comosa . 
Pieris f loribunda 
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The S tude nt's "t" te s t  at the 9 5  per ce nt leve l of s ignif icance 
was use d to te s t  the s ign ificance be tween the measurements re corde d 
f or Pieris f l oribunda in plots  ad jace nt to  and of f the trai l .  No s ig­
nif icant difference was found for t he total  number of s tems nor the 
numbe r of fruits per p lant be twe e n  the se two areas . The data there ­
fore were comb ined as be fore . Howe ver, a h igh ly s ignif icant d iffere nce 
was found be tween the average d iame ters in t he se two areas . The ave rage 
s tem d iame ter in p l o t s  off the tra i l  was 0 . 62 inch wh i le in plots a l ong 
the tra i l, the average stem d iame ter was 0 . 45 . The ave rage numbe r of 
runne rs pe r p lant was found t o  be s ign if icant ly d ifferent  at t he 80 
pe r ce nt leve l of s ignif icance . The ave rage number of runne rs was 
8 . 1 3 for p lots  off the tra i l  and an ave rage number of 5 . 5 9 f or plots  
a l ong the trail. The standard dev iat ion and range of each of the se 
means may be f ound in Tab le IV . 
From fruit co l lected al ong the B u l lhead Trai l  in the fa l l  of 
1 9 6 6, it was f ound that there is an average of 32 . 2  see d s  pe r fruit, 
20.9 of the se hav ing fu l ly deve l ope d embryos . The s tandard de viat ion 
and range of the se means may be found in Tab le IV a l s o .  In the f ie ld, 
it was de term ine d that Pie r is had an ave rage of 5 9.4 fru it per p lant . 
It may be conc lude d from this that one P ieris p lant wou ld probab ly have 
TABlE IV 
THE MEAN, STANDARD DEVIATION AND RANGE OF SEVERAL 
CHARACTERS OF PIERIS FIDRIBUNDA 
Stand ard 
X De viat ion 
O f f  tra i l  p l o t s  
d iame ter 0 .  62 0 . 62 
Number of runners 8 . 1 3 8 . 94 
On tra i l  plots  
d iame ter 0 . 45 0 . 40 
Number of runners 5 . 9  1 0 . 1 5 
Numbe r seeds/fru it 32 . 2  4 . 1 2 
Number seeds  with deve l oped 
embryos 20 . 9  3 . 4 6  
2 8  
Range 
0.1- 3 . 0  in . 
0 - 50 
0 . 1-2.0 in . 
0-50 
2 3-43 
14- 2 7  
2 9  
approx ima te ly 1242 seed s with ful ly deve l oped embryos. From this it 
may be deduced tha t one acre of this pine-heath shou ld produce approx­
ima te ly twe lve m i l l ion P ier is seed s with f u l ly f ormed embryos . Yet 
on ly one seed l ing per acre wa s f ound in the samp l ing . 
Germinat ion expe riment s conducted in the labora tory w it h  these 
seed s gave the f o l l owing resu l t s: 1 7 . 5  per cent germin a t ion f or those 
without stra t if ica t ion, and 20 . 0  per cent germina t ion f or those with 
one month cold trea tment . During the second month of stra t if ic a t ion, 
the seed s began germ ina t ing in t he cold room . These were removed from 
the cold room and a 1 9 . 7  per cent germin a t ion wa s ob ta ined . 
Environment a l  S tudy 
The max imum tempera tures recorded at the f ive stat ions in the 
study area were averaged for each t ime period f or each of the three 
leve l s  (one foot , l it ter , and soi l) to g ive one max imum tempera ture 
f or the study area f or tha t t ime interva l. Thi s  wa s a l so done f or 
the minimum temperatures and the resu l t s  are shown in Figure 8 and 
Figure 9 .  
The a ir temperatures were the most extreme of the t hree a s  
wou ld be expected . The max imum tempera ture f or the soi l, l it ter and 
a ir wa s recorded during the same t ime peri od f or a l l  three . For the 
period of Apr i l  l, 1 9 6 7  to Apr i l  8, 1 9 6 7, 66 . 0° F . , 8 6 . 0° F . , and 90 . 3° 
F .  were recorded f or so i l, l it ter and a ir respect ive l y .  The min imum 
tempera ture f or the l i t ter and a ir wa s regi stered between February 1 1 , 
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Figure 9 .  Ave rage minimum tempe ra ture s for f ive sta t ion s in study a re a  f or t he one f oot 




a ir temperature fe l l  to  -9 . 4° F .  The s oi l  re ache d its minimum temper­
a ture of 32 . 0 ° F .  during the pe riod from November 2 9, 1 9 6 6  t o  Decembe r 9, 
1 9 66 . 
The a ir tempera ture s f or the s tudy are a which were obt a ined by 
averaging the max imum re ad ings and the m in imum reading s se para te ly 
from the f ive s t a t ions for e ach t ime pe riod are compare d to t he temper­
a t ure s from two other l ocations in the Park, Newfound Gap and Park He ad­
quarters, in Figure 10 and Figure l l .  The max imum temperature and the 
m in imum temperature for e ach t ime period f or the se two loc a t ions were 
obt a ine d from the da i ly max ima and the d a i ly min ima . Newf ound Gap is  
a t  a n  e levat ion of 5046 fee t  wh i le the Park He adquarters s t a t ion is  
1400 fee t above s e a  leve l .  The pine -he a th tempe ra ture s genera l ly 
ranged be twe en those f or the other two l oca l it ie s . The minimum temp­
erature s more ne arly co incide d for the three are a s  than the maximum 
temperature s .  It shou ld be note d tha t the max imum temperature during 
this period from Oct obe r 24 , 1 9 6 6  t o  Se ptember l l, 1 9 6 7  wa s 90 . 3° F . ,  
re corded in t he B u l lhe a d pine -he a th. 
In Figure s 12 a nd 1 3, the max imum and minimum a ir tempe rature s 
d i scus sed above for the study are a are compared with t hose of Newf ound 
Gap and Park He adquarters . For e ach group of points, a le a s t  square s 
f it was  obt a ine d . Re gre s s ion s t a t is t ics appe ar in Tab le V .  
I t  can be seen in the table and graphs tha t the max imum temper­
a ture s  f or the B u l lhe a d  pine -he a th are highe r  than those f or Newf ound 
Gap but are l owe r than those f or Park He adquarte rs . An incre a se of 
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Figure 10 . Comparison o f  average max imum te mperature s f or three a re a s  in Gre at:Smoky 
Mount a in s  Nationa l Park: Park He a dquarte rs , study are a, a nd Newf ound Gap. 
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Figure 1 1 .  Compari s on of average min imum temperature s f or three are a s  in Gre at Smoky 
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Figure 12 . Re l a t ion of Newf ound Gap and s tudy are a max imum (a) and 
minimum (b) tempera ture s .  
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and minimum (b) tempera ture s .  
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M in imum 
Pine -he a th 
Pine -he a th 
Maximum 
Pine -he a th 
P ine -he ath 
TABlE V 
VALUES OF COMPONENTS OF REGRESS ION 
EQUATIONS OF TEMPERATURES 
X A 
Newf ound Gap 8 . 1 
Park He adquarters -3. 6 
Newf ound Gap 1 8 . 8  
Park He adquarters 1 2 . 1 8 
3 7  
b r 
0 . 8 6 0 . 9 3 
1 . 0 5  0 . 9 7 
0 . 88 0 . 90 
0 . 7 5 0 . 84 
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degree on the Bu l lhe ad . The minimum temperature s of the s tudy are a  are 
l ower than those of Park He adquarters and have practica l ly a one to one 
s l ope . The minima for t he p ine -he a th are highe r than those f or the 
Ne wf ound Gap s t a t ion, and cha nge a t  s l ight ly le s s  than a one t o  one 
rate . 
The cumu l a t ive ra infa l l  f or the se s ame thre e loca tions is shown 
in Figure 14 for Nove mber 6, 1 9 66 through Se ptember l l, 1 9 6 7 . Newfound 
Ga p ,  wit h  ove r 80 inche s of ra infa l l  for this e le ven month pe riod, had 
not qu ite tw ice the amount of pre cip itat ion a s  the pine -he a th on Mt . 
LeConte. Park He adquarters had s l ight ly over 50 inche s, s t i l l  above 
the 4 7  inche s rece ive d in the ga uge in the p ine -he a th. 
Of the s o i l  s amp le s t ake n from the s tudy are a , s amp le s one and 
two are from s i te s c l ose to the point of transit ion from p ine -he ath 
to he a th ba ld; s ample s three and f our a re from t he pine -he a th; s amp le s 
f ive and s ix are from the lower e dge of the p ine - he ath ne ar t he tra i l , 
s amp le s ix be ing c lose s t  to the oak fore s t. 
McGinn is  ( 1 9 5 8) de scribe d a s o i l  prof i le for a tab le mountain 
p ine s t and in C ade s C ove in the Gre a t  Smoky Mounta ins Na t iona l Park 
a t  a n  e levation of 2 800 fee t with a shrub cove r composed of ericace ous 
p lant s . A comparison of McGinn is' prof i le with those from t he Bu l lhe ad 
Tra i l  p ine -he a th a ppe ars in Tab le VI. 
The re s u l t s  of the ana lys is of the s oi l  s ample s take n from t he 
s tudy are a are shown in Tab le VII . C hemica l ana lys is wa s not conducted 
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F igure 14. A compar is on of t he cumu l a t ive ra infa l l  for thre e  loca t i on s  in Gre a t  S moky 




S OIL PROFilES AND pH VALUES FROM TilE BULLHEAD TRAIL PINE-HEATH AND A 
PINE-HEATH AT 2 800 FEET ELEVATION S TUDIED BY McGINNIS 
Thickne s s  in em . pH 
Hor izon S tudy Are a McGinnis S tudy Are a 
Aoo S ample l 2 . 5  l. l 4 . 5  
2 0 . 6  4 .  7 
3 0 . 5  4 . 9  
4 0. 5 4 . 8  
5 0 . 5  4 .  5 
6 0 . 5  4 .  7 
F S amp le l 6. 3 0 . 5  3. 7 
2 6.3 3. 4 
3 12. 6 3 . 7 
4 6 . 3 3 . 8 
5 7. 6 3 . 8 
6 6 . 3 3 . 5 
H S amp le l a 1 . 2  a 
2 2 3 . 4  3 . 1 
3 5 .  l 3 . 7  
4 0 . 6  4 . 2  
5 0 . 3  4 . 5  
6 1 2 . 6  3. 3 
A l S amp le l 
b 4 . 4  
2 a 
3 4 . 6 
4 4 . 8  
5 4 . 8 
6 4 .  7 
aHorizon not pre sent in s amp le . 
bNot me a su re d . 
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TABLE VII 
AVAilABlE CATIONS OF S OilS IN THE S TUDY AREA 
Horizon Ka Naa Caa Mga Mnb znb 
F S amp le 1 0 . 87 0 . 00 5 . 2 7 1 .  7 8  0 . 0 2  1 . 48 
2 4 .  7 9  4 . 82 1 .  6 7  5 .  7 2  0 . 00 5. 1 5  
3 0 . 00 2 . 90 5 . 5 5 1 . 2 9 0 . 00 4 . 58 
4 0 . 8 7 4 . 1 7  2 . 2 2 0 . 36 0 . 0 7 2 . 70 
5 1 .  3 1  0 .  30 3 . 6 1 2 . 8 5 0 . 00 4 . 38 
6 0 . 44 7 . 41  1 6 . 10 0 . 3 6 0 . 0 1  3 . 3 5 
H S amp le 1 c 
2 0 . 00 1 1 . 2 8 1 .  39 1 . 43  0 . 00 2 . 2 5 
3 4 . 3 7 2 . 5 7 1 .  39 0 .  72  0 . 00 <0 . 0 1  
4 1. 74 2 . 2 6 1. 39 1. 2 9  0. 0 5  0. 10 
5 3 . 0 5  1. 61  1 .  39 1 .  2 9  0. 00 <0 . 0 1  
6 0 . 00 3 . 8 7 2 2 . 7 7  0 . 00 0. 00 0. 2 0  
Al S amp le 1 5. 68 1 3. 54 3 . 33 0 .  72  0. 00 <O . O l  
2 c 
3 0 . 44 1 .  2 9  1 .  3 9  0 . 00 0 . 00 < 0 . 0 1  
4 0 . 00 0 . 9 7  2 . 50 d 0 . 0 2  < 0 . 0 1  
5 0 . 44 1 .  61 1. 39 1 . 2 9  0 . 00 < 0 . 0 1  
6 4 .  7 8  3 . 5 5 1 8 . 0 5  0 .  72  0 . 00 <O . O l  
aExpre s sed in meq. / 100 g. 
�xpre s se d  in p . p . m .  
cHorizon not pre sent in s ample . 
dLos t  during analysis . 
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The pH of the F horizon ranged f rom 3 . 4  to 3. 8 .  In genera l, 
the acidity increa sed from the A00 to the F horizon and began to de­
crea se f rom the H to the A 1. The thickness of the humus wa s t he 
grea tes t  (2 3 . 4  em.) for the s amp le taken a d j acent to the hea th b a ld . 
Litt le work has  been done on the chemica l ana lys is  of soi l s  of 
pine-hea th s ta nd s .  McGinnis found a concent ra t ion of 0 . 9 8 and 3 . 80 
meq. for pot a s s ium and ca lcium, res pect ive ly, in the H horizon. The 
pH was 3 . 8 ,  not too d ifferent f rom tha t found Ln the s tudy a rea. For 
the A1, he found pot a s s ium to have a concentra t ion of 0 . 45 meq. a nd 
ca lcium, 0 . 70 meq. The pH wa s 4 . 1 ,  lower than t he pH for the A1 in 
a ny of the s amp les f rom the Bul lhead Tra i l  pine-hea th. 
IV. DISCUSSION AND CONCLUSIONS 
It is to be expec ted tha t a pine-heath wou ld occupy the south 
and southwes t f a c ing s lopes of the moun t a ins of the Smokies . These 
a rea s are both the mos t  xer ic and the mos t  ext reme with res pec t to 
tempera tu re in comparison to other area s at  compa rab le eleva t ions . 
The s o i l  tempera tures s how les s seasona l va r i a t ion than the 
tempera tures of the air  and l it ter. This  is to be expec ted because 
the soil fun ct ions a s  an in su l a tor, reta ining hea t longer and conse­
quen t ly s t ay ing at a more cons tant tempera ture throughout the yea r .  
The temperatures of the l it ter (Figu re 8 ,  page 30, and Figure 
9, page 3 1) a re more c lose ly a l igned to t hose of the a ir t han the 
s o i l, but s t i l l  not a s  ext reme a s  those of the air . The temperature 
of the l itter wa s cons idered important because it is here tha t the 
seed s of Pier is over winter and the scarc ity of seed l ings wa s quite 
obv ious . The on ly loca t ion where Pier is was found to have seed l ings 
wa s a d j a cent to the t ra i l  and t hen on ly in a very sma l l  number. Any 
ext reme tempera tures in this a rea cou ld pos s ib ly inf luence the number 
of seed l ings present . Freezing temperatures immed ia tely a f ter germin­
a t ion of the seed l ing cou ld k i l l  the new seed l ing. S ince no dormancy 
per iod wa s ob served in the germin a t ion of the seeds, it is pos s ib le 
tha t t hese seeds might germina te during wa rm per iods Ln the winter 
and subsequen t ly be k i l led by the return of f reezing tempera tures . 
It shou l d  be noted here tha t seed s which were s t r a t i f ied for two 
months in the labora tory bega n germina t ing while s t i l l  under these 
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cond i t ions . However, the resu l t ing seed l ings were not subjected to 
f reezing tempera tures so the exa c t  ef fects  cannot be s t a ted with cer­
t a inty. 
Another c r it ica l f a c tor in Pier is  seed germinat ion is the amount 
of ra infa l l  rece ived dur ing the winter in t hese p ine-heath commun i t ies. 
Pine-hea ths are not ab ly xeric habit a t s , and the amount of ra infa l l  re­
ce ived for the winter months fa l l s  below tha t  received at the Pa rk 
Headqua rters wea ther s t a t ion . The seeds used in the germina t ion 
experiments in the labora tory were kept moi s t  for the dur a t ion of their 
s t r a t if ic at ion so aga in it cannot be shown with evidence tha t des icca ­
t ion wou ld in jure the seed s, but it seems a good pos s ib i l ity of being 
a cont r ibut ing f actor . 
The soi l s  in which Pieris wa s growing were d iverse with res pect 
to the th ickne s s  of the f i r s t  three hor izons .  In comp a rison to the 
s o i l  prof ile of the p ine-hea th reported by McGinn is ( 1 9 5 8) , the hor i­
zons in the s tudy a rea are cons iderab ly deeper . The p ine-heath which 
McGinnis  inve s t igated was at an eleva t ion of 2 800 feet, s ugge s t ing 
wa rmer temperatures than those of the Bu l lhead Tra i l  p ine-hea t h. W i t h  
t hese lower tempera tures on the Bu l lhead , the accumu l a t ion o f  l it ter 
and undecomposed ma ter ia l  shou ld inc rea se bec ause of a lower rate and 
s horter sea son of decompos ition . The humus and A 1 were not as a who le 
more a c idic than those of the other pine-hea th . The grea ter a c id ity 
of soi l s  is thought to s low the r a te of decompo s i t ion. 
The pine-hea th on the Bul lhead Tra i l  is very s imi l a r  to the 
heath b a ld des c r ibed by McC ra cken et a l .  ( 1 9 62 )  wit h  res pe ct to its  
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low fe r t i l ity of ca l c ium and pot a s s ium . Mangane se wa s a lmos t  ent ire ly 
absent f rom the s ample s . A high concentration of zinc occurs in the 
F laye r and de c re a s e s  gradua l ly unt i l  it a lmos t  d i s a ppe ars  in t he A 1 
hor izon, but t he amount in the F hor izon is  s t i l l  lowe r than t he amount 
norma l ly found in soi l s  (Swa ine, 1 9 5 5) . 
According to Whittake r, this pine -he a th s t and s hou ld be ma int a in­
ing i t se l f  whe n compa red to the pine -he a th he s tud ie d shown in Figure 
6 ,  page 2 3 .  Approx imate ly 59 pe r cent of the tota l numbe r of s tems 
in t he s tand fe l l  within the l - 3  inch diame te r c l a s s  as compa red to 
a pprox ima te ly 66 pe r ce nt for the s tand s tudie d  by Whittake r .  
The re a re in a c tua l ity two t ree laye r s  in the Bu l lhe ad Tra i l  
p ine -he a th, t he h ighe r composed o f  the ma ture pine s a nd the lowe r laye r  
o f  de c iduous t ree s .  The f re que ncy o f  t he de c iduous t ree s in t he t ree 
s t rat um, four s pe c ie s  having ove r 40 pe r ce nt f reque ncy ( Nys s a  
s y lvat ica, Ace r rubrum, Que rcus prinus and Oxyde nd rum a rbore um) may 
ind icate the inva s ion of the pine -he a th by t he fore s t s  of lowe r e le­
va t ions . The f re que ncy of p ine seed l ings and those unde r one inch in 
d iame te r  is quite not ice ab ly sma l le r  than the 100 pe r ce nt f re que ncy 
obse rve d for the ma ture t ree s . The de c iduous s pe c ie s  have a h igh f re ­
que ncy a s  see d l ings re l a t ive t o  p ine b u t  t he ir f reque ncy de c re a se s a s  
the y  re a ch s a p l ing s ize . This  is  a reve rs a l  o f  what one wou ld expe c t  
� n  a s tand whi ch is  ma inta ining itse l f . One wou ld expe c t  a gre a te r  
f re que ncy of the dominant s pe c ie s  a s  see d l ings than the othe rs, the s e  
be ing p ine a n d  the de c iduous s pe c ie s  re s pe ct ive ly . The p ine - he a th i s  
re l a t ive ly ope n e xcept for the shrub s t r a tum which i s  quite de n se and 
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cont inuous throughout . The denseness of these s hrub s cou l d  b e  a ma jor 
f actor in the ma intenance of the pine-heath by d iminishing t he amount 
of l ight which reaches the ground. The l ight intens ity is so low tha t 
i t  cou ld keep pine seed l ings from becoming estab l ished . If this were 
t rue , the number of p ines wou ld s low ly decrea se and the pine-heath 
wou ld eventua l ly become a hea th ba ld . However , there is  a h igh f re­
quency of deciduous seed l ings in the a rea. As more a nd more deciduous 
t rees become es tab l ished , their shade wou ld cause the number of hea th 
s hrub s  benea th t hem to d iminish and it wou ld eventua l ly become a part 
of  the oak fores t of lower eleva t ions . 
Whit taker ( 1 9 5 6) cons iders the pine-heath a t opogra phic c l imax 
a nd uses as evidence the b imoda l s ize-c l a s s  f requency curve shown in 
F igure 7, page 24 . The same f requency curve for the B u l lhead Tra i l  
pine-heath d oes not g ive a b imod a l f requency curve . Whi le C a in ( 1 9 37)  
thought tha t f i res in these pine-heaths he l p  perpetuate the d ominance 
of pine , the f igure ment ioned above ind ica tes tha t this pine-hea th has 
had a rather uninterrupted growth and reproduct ion for  a cons iderab le 
period . S ince this s t and has rema ined und i s turbed for wha t a ppea rs 
t o  be a long t ime , one wou ld expect it t o  be invaded by both the 
hea th ba ld and oak forest species . I t  seems much more l ikely a t  the 
present tha t this p a r t icu l a r  p ine-hea th may eventua l ly become a hea t h  
ba ld because o f  the dense er icaceous shrub layer a l ready present and 
the l ow surviva l r a te of deciduous seed l ings. 
W ith a l ow germina t ion r a te in the labora tory and the a lmos t 
comp lete absence of seed l ings in the pine-hea th , a frequency of 72 . 5  
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pe r ce nt and a de ns ity of 9 7 . 5  for Pie r is we re not t o  b e  e xpected. 
Howeve r ,  with an ave rage of f ive to e ight runne rs  pe r p l ant, Pie r is  
is a b le to ke e p  its  h igh degree of  cove rage in this  a re a . It  re pro­
duce s vege t a t ive ly by runne rs and by laye r ing . 
A s ign if ica nt d iffe re nce wa s found be tween the d i ame te r s  and 
numbe r of runne rs  of Pie r is from the two loca t ions of p lot s , but not 
be tween a ny othe r cha racte ris t ics of Pie r is inve s t ig a ted . The d if fe r­
e nce in d iame te rs and numbe r of runne r s  cou ld e a s ily be a funct ion of 
the age of the p l a nt, those off the t ra i l  having bee n e s tab l ishe d  be fore 
the tra i l  wa s cut about thirty ye a r s  ago . 
More expe r ime nt s with the seeds of Pie r is are nece s s a ry to be 
ab le to show the e ffects of e nvironment a l  extreme s  a s  a re e ncounte re d 
in an are a  such a s  this pine -he a th .  A compa ri son of such f actors a s  
s o i l s  and tempe ra ture extreme s  o f  the Bu l lhe ad Tra i l  pine -he a th and 
a nothe r locat ion of Pie r is as the one s in North Caro l ina a long the 
B l ue R idge Pa rkway wou ld more than l ike ly give the answe r  to many 
que s t ions st i l l  unanswe re d about P ie r is . A l though no conclus ive e vi­
de nce ha s been pre sented he re, it is s t i l l  thought that the cre a t ion 
of a d i s turbance a re a  is one of the major factors in the e s tab lishmen t  
of Pie r is . Afte r e s tab l ishment , Pie r is  may cont inue t o  ma inta in itse lf  
and eve n  incre a se its cove rage by vege ta t ive re product ion . 
V .  S UMMARY 
The ro le of Pieris f loribunda Benth . a nd Hook . in a pine-heath 
communi ty in the Great Smoky Mount a ins Na t iona l Park wa s s tud ied . The 
pine-hea th wa s loca ted on the Bu l lhead of Mt. Le Conte a t  a n  eleva t ion 
of approximately 4 100 feet . 
Forty . 0 5  acre p lot s were es tab l ished for samp l ing s t a nd cha r ac­
teris t ics a nd to tes t for d if ferences between Pier is  and its sur round­
ings a long the tra i l  and Pier is growing in dense shrub cover off the 
t ra i l . 
The d iameters and number of s tems were recorded for both t rees 
and shrub s in addit ion to a species l i s t  of the herbaceous cover. 
S pecia l notes were made for Pier is  with res pect to number of runners 
and number of f ruits  per p l ant. 
Germin a t ion experiments were conducted with seeds of Pier is  
co l lected in the s tudy area t he previous fa l l .  Pier is was  found to 
have 2 0 . 0  per cent germinat ion under labora tory cond i t ion s. 
The pine-heath a long the Bu l lhead Tra i l  is a typ ica l one with 
res pect to environment and veget a t iona l compos it ion. I t s  sea sona l 
max imum and min imum tempera tures a re more ext reme than the lower e le­
vat ions yet not a s  ext reme a s  the h igher elevat ions in the Pa rk . By 
use of t he derived regres s ion equat ions, the maximum or min imum temper­
a tures of the p ine-hea th may be pred icted f r om  either the max imum or 
m in imum tempera tures at Park Headquarters or Newfound Ga p .  The amount 
of ra inf a l l  rece ived in the pine-hea th is lower than tha t of both 
Newfound Ga p and Park Headqua rters . 
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It is thought tha t this particu l a r  pine -he a th is be ing invade d 
by the he a th ba ld located  a t  its uppe r l imit and wi l l  eve ntua l ly be ­
c ome a he a th ba ld if f i re d oe s not pe rpe tuate the pine -he a th . 
No s ignif icant d iffe rence wa s found be tween the two loca ti ons 
of  p lots with re s pe c t  to  the de ns ity of Pie r is , and t he re f ore it cannot 
be conc luded tha t  Pie r is re qu ire s a d i s t urbance or bre a k in the canopy 
t o  be come e s tab l ishe d .  Howe ve r ,  it is s t i l l  thought that furthe r  s tudy 
may prove this to be true . 
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APPENDIXES 
APPENDIX A 
PROCEDURE FOR THE PRE PARATION OF S OI L  SAMPlES 
A l l  s amp le s we re a ir d r ie d  and pa s se d  through a 2 rom . s ieve . 
Te n gram s amp le s  we re we ighe d and placed in 2 50 ml . g l a s s  s t oppe re d 
f la s ks . F ifty m l . of norma l ammonium a ce tate adjuste d  to pH 7 . 0 ,  by 
adding ace tic  a c id or ammonium hyd roxide as ne ce s s a ry ,  wa s adde d and 
the f l a s k  wa s s haken  in a me chanica l shake r  for one ha l f  hour . The 
f la s ks and contents we re a l lowed to s tand ove rnight . C e r t a in samp le s 
(� · � · , l itte r )  required more than 50 m l . of a ce t ate to we t them suf­
f ic ie n t l y .  In such c a se s , 100 m l . of ace t ate was used and washing 
w a s  done with 100 m l . of ace t ate d ivided int o thre e port ions . 
F i lte r ing of the le a chings was c a r r ied  out through a Wha tman 
No . 42 f i lte r  unde r vacuum . The re s idue in the f l a s ks was  washed  
w it h  50 ml . of  ammonium ace tate d ivide d into  three port ions . Each 
port ion wa s used  to wash the re s idue on the f i lte r t aking c a re to  le t 
e a ch port ion pa s s  through the f i lte r  be f ore add ing anothe r .  
The f i lt rate s we re transfe rred to evaporating d i s he s  and eva p­
orated on a s te am bath a s  ne a r ly dry a s  pos s ib le ( s amp le s with con­
s ide rab le or ganic matte r  re s is te d  going to d ryne s s  on the s te am ba th) . 
Three ml . of norma l HN0 3 and 5 m l . H202 we re added to  the re s i­
due s and dige s te d  on the s te am bath unti l  dry . This  was  re pe ate d  
unt i l  a c le a r colorle s s  s o lut ion re su l te d .  (Trace s  of iron le nt a 
s l ight ly ye l low color to s ome s amp le s . )  
55  
5 6  
The re s idue s we re d is s olved in a l it t le doub le d is t i l le d  wa te r 
and t ransfe rred to 2 50 ml . volume t r ic f l a s ks . Doub le d i s t i l led  wate r 
wa s used to ma ke up to  volume . 
C a t ions we re ana lyzed in suitab le a l iquots a ccord ing to pro­
cedure s out l ined in the s ixth e d ition of the A .  0 .  A .  C .  unde r the sec­
t ion on ana lys is of p l ants . B l anks we re run for  e a ch cat ion a nd cor­









SUMMARY OF TREE TAXA I N  DIAMETER ClASS ES BY PIDT 
Taxa 
Ace r rubrum 
Am;lanchie r a rbore a 
B e t u l a  lenta 
! lex  mo� 
Nys s a  s y lvatica 
oxydendrum arboreum 
P ice a rubra 
P inus pungens 
VIbUrnum c a s s inoide s 
Ace r rubrum 
xmeTanchie r a rbore a 
B e tu l a  lenta 
! lex  mo� 
Nys s a  s y lva t ica 
oxydendrum arboreum 
P inus punge ns 
RObinia pseudo-aca cia 
Viburnum c a s s inoide s 
Ace r rubrum 
Nys s a s y lva tica 
oxydendrum arbore um 
P inus pungens 
RObinia pseudo- a cacia 
l-






































D iame te r  C l a s s e s  
7 . 6- 10 . 6- 1 3 . 6-








1 6 . 6-
1 9 . 5  
19 . 6-










1 1  
Taxa 
Nys s a  sy lvatica 
Oxydendrum a rboreum 
P inus punge ns 
Ace r rubrum 
Ame lanchie r a rbore a 
Nys s a  sylva t ica 
Oxydendrum a rboreum 
Pinus pungens 
Tsuga canade ns is 
Ace r rubrum 
Nys s a  sylva t ica 
P inus punge ns 
Nys s a  s y lva t ica 
Oxydendrum a rboreum 
P inus pungens 
Tsuga canadens is 
Nys s a  sy lva t ica 
P inus pungens 
Nys s a  sylvat ica 
P inus pungens 
Tsuga canade ns is 
Nys s a  s y lvat ica 
P inus pungens 
Ace r rubrum 
P inus pungens 
1-
3 . 5  
9 
2 
1 3  
2 
1 





2 9  
1 8  
10 
1 











D iame te r C la s se s 
3 . 6- 7 . 6- 10 . 6- 1 3 . 6- 1 6 . 6- 19 . 6-
7 . 5  10 . 5 1 3 . 5  1 6 . 5  19 . 5  22 . 6  
1 
3 5 2 1 
1 6  12 1 
1 
12  1 1  3 1 
12  2 2 2 
2 3  6 
1 1  6 3 
1 6  7 5 1 
U1 
00 




1 3  
14 
1 5  
1 6  





Ace r rubrum 
Nys s a  sy lvati ca 
Pinus pungens 
Que rcus pr inus 
Robinia pseudo- a cacia 
Nys s a  sylvat ica 
Pinus pungens 
Que r cus prinus 
Ace r rubrum 
Nys s a  s y lva t ica 
Pinus pungens 
Que rcus prinus 
Robinia pseudo-acacia 
Ace r rubrum 
B e t u l a  lent a 
Hamame l is virginiana 
Magno l ia frase r i  
Nys s a  sylva t ica 
Pinus pungens 
Que rcus prinus 
Rob in i� £Seudo- acacia 
Ace r rubrum 
Nys s a  sylvatica 
Pinus punge ns 
1-

























D iame te r  C la s se s  
3 . 6- 7 . 6- lO . 6- 1 3 . 6- 1 6 . 6- 1 9 . 6-
7 . 5  10 . 5  1 3 . 5 1 6 . 5 1 9 . 5  2 2 . 6  
1 3  3 
1 8  4 
4 5 3 
3 7  2 
l 









2 2  8 l 
Plot 
No . 
1 9  
20  
2 1  
2 2  
2 3  
2 4  
2 5  
Taxa 
Ace r rubrum 
Nys s a  sylva t ic a  
Que r e us  prinus 
P inus pungens 
A ce r  rubrum 
Hamame l i s  virginiana 
Nys s a  s y lvat ica 
P inus punge ns 
Que rcus prinus 
Rob inia Eseudo-acacia 
Acer  rubrum 
Oxydendrum a rbore um 
Que rcus prinus 
P inus pungens 
Nys s a  s y lvat ica 
P inus pungens 
Robin ia pseudo-acacia 
S a s s a f r a s  a lb idum 
P inus pungens 
Pinus pungens 
Ace r rubrum 
C a s t ane a dentata 
Hamame l i s  virginiana 
Nys s a  s y lvat ica 
Oxydendrum a rbore um 
P inus pungens 
Que rcus pr inus 
Robin ia pseudo-acacia 
1-





















1 8  
1 3  
34 
1 
D iame te r  C l a s s e s  
3 . 6- 7 . 6- 10 . 6- 1 3 . 6- 1 6 . 6- 1 9 . 6-
7 . 5  10 . 5  1 3 . 5 1 6 . 5  1 9 . 5  2 2 . 6  




3 2 2 
2 
2 3  1 1  4 
45 5 
9 7 
1 6  1 6  
1 0"1 






2 6  
2 7  
2 8  
2 9  
30 
Taxa 
Ace r rubrum 
C a s t ane a de ntata 
Nys s a  sylvat ica 
P inus pungens 
Ace r rub rum 
C a s tane a  de ntata 
Hamame l i s  virginiana 
Nys s a  s y lva t ica 
Oxydendrum a rbore um 
Pinus pungens 
Que rcus prinus 
Robinia Eseudo-acacia 
Ace r rub rum 
Nys s a  sylva tica 
Oxydendrum a rboreum 
P inus pungens 
Ace r rub rum 
H a le s i a  carol ina 
Hamame l is virginiana 
Nys s a  s ylvatica  
Pinus pungens 
Que reus prinus 
S a s s a f ra s  a lbidum 
Ace r rubrum 
Hamame l is virginiana 
Nys s a  sy lvat ica 
Oxydendrum a rboreum 
P inus pungens 
Que rcus pr inus 
l-















1 6  
l l  





2 1  
2 1  
12 
2 
D iame te r  C l a s s e s  
3 . 6- 7 . 6 - lO . 6- 1 3 . 6- 1 6 . 6- 1 9 . 6-
7 . 5  10 . 5  1 3 . 5  1 6 . 5 1 9 . 5  2 2 . 6  
6 7 2 
l 
3 
l 2 4 l 
l 2 
l 




















Q . rubra 
Sa s s a f r a s  a lbidum 
Tsuga canade n s is 
Ace r rubrum 
Ha le s ia caro l ina 
Hamame l i s  virginiana 
Magnol ia f r a se r i  
Nys s a  sylvat ica 
Oxyde ndrum a rbore um 
Pinus pungens 
Que reus pr inus 
Rob inia pseudo-acacia 
Ace r rubrum 
Oxyde ndrum arbore um 
P inus punge ns 
Ace r rubrum 
C a s tane a  de ntata 
Hamame l is virg iniana 
Magno l ia fra se r i  
Nys s a  sylva t ica 
Oxyde ndrum a rbore um 
Pinus pungen s  
Que rcus prinus 
Rob inia pseudo-acacia 
S a s s a f r a s  a lb idum 
Ace r rub rum 
C a s t a ne a  de ntata 
Oxydendrum a rboreum 
Pinus pungens 
1-






















D iame te r  C l a s s e s  
3 . 6- 7 . 5- 10 . 6- 1 3 . 6- 1 6 . 6- 19 . 6-










12  5 5 1 
2 3 
1 

















Ace r rubrum 
C a s t a ne a  de ntata  
Hamame l i s  virginiana 
Ma gnol ia fra s e r i  
Nys s a  s y lvat ica 
Oxyde ndrum a rboreum 
Pinus pungens 
Que rcus prinus 
Tsuga canade ns is  
Ace r rubrum 
Nys s a  sylva t ica 
Pinus pungen s  
Rob inia £Seudo-acacia 
Ace r rubrum 
Hamame l i s  virginiana 
Nys s a  sylva t ica 
Pinus punge ns 
Que reus pr inus 
Robinia £Seudo-acacia 
Ace r rubrum 
Hamame l i s  virginiana 
Pinus pungens 
Ace r rubrum 
Fagus grandifolia 
Hamame l i s  virginiana 
Nys s a  sylvat ica 
Pinus pungens 
1-
3 . 5  
10 
2 



















7 7  
7 
6 
2 2  
34 
D iame te r  C l a s se s  
3 . 6- 7 . 6- lO . 6- 1 3 . 6- 1 6 . 6- 19 . 6-
7 . 5  10 . 5  1 3 . 5  1 6 . 5 1 9 . 5  22 . 6  
l 
6 2 l 
3 
2 3  l 2 
2 9  l l 
14 3 l 
l 
44 2 2 l 0'1 w 




Ace r rubrum 
Nys s a  sylvat ica 
Oxydendrum a rboreum 
Pinus pungens 
Que rcus prinus 
l-
3 . 5  
2 




D iame te r  C l a s se s 
3 . 6- 7 . 6- lO . 6- 1 3 . 6-
7 . 5  10 . 5  1 3 . 5 1 6 . 5  
30 2 l 
1 6 . 6-
1 9 . 5  
1 9 . 6-















1 1  
APPENDIX C 
SUMMARY OF SHRUB TAXA I N  DIAMETER CLASSES BY PIDT 
Taxa 
Ka lmia l a t ifolia 
Pie r i s  f l or ibunda 
Rhodode ndron maximum 
Ka lmia l a t if o l ia 
Va c c inium s p .  
Ka lmia l a t ifolia 
Vaccinium s p . 
Ka lmia l a t if o l ia 
Pie r  is  f l oribunda 
Rhododendron max imum 
Va c c inium s p .  
Ka lmia l a t if o l ia 
Pie r is  f loribunda 
Ka lmia l a t if o lia 
Pie r is  f l or ibunda 
Va cc in ium s p . 
Ka lmia l a t if o l ia 
Vac c in ium s p . 
Ka lmia l a t if o l ia 
Rhodode ndron maximum 
Ka lm ia l a t i f o l ia 
Va c c in ium s p . 
Ka lmia l a t if o l ia 
Va c c in ium s p . 
Ka lmia l a t i f o l ia 







2 9  
1 
7 
1 5  
9 
1 6  
3 
1 7  
2 
1 6  
1 5  
3 
1 5  
30 
1 3  
1 
42 
2 1  
2 5  
1 8  
1 1  
2 
D iame te r C l a s se s  
. 69- 1 . 2 7- 1 . 85-
1 .  2 6  1 .  84 2 . 42 
9 2 












1 3  
1 7  3 









D iame te r  C l a s se s  
Plot . l- . 69- 1 . 2 7- 1 . 85- 2 . 43-
No . Taxa . 68 1 . 2 6 l .  84 2 . 42 3 . 00 
12  Ka lmia l a t ifolia  2 7  20 
Pie r is f lor ibunda 2 8  5 l 
Va c c in ium s p .  1 7  
1 3  Ka lmia l a t ifolia 2 7  3 
Va c c in ium s p . 2 5  
14 Ka lmia l a t ifolia  28  2 
Va c c in ium s p .  24 
15 Ka lmia l a t ifolia  12  3 
Pie r is  f l or ibunda 7 3 2 l l 
Va c c inium s p . 1 8  
1 6  Ka lmia l a t ifol ia 2 1  l 
Pie r is  f lor ibunda 40 4 
Rhododendron max imum l 
l 7  Ka lmia l a t ifolia  9 4 
Pie r  is  f l oribunda 2 9  5 l 
Va c c in ium s p . 2 6  
1 8  Ka lmia l a t ifolia  4 l 
Pie r is  f lor ibunda 10 2 
Rhododendron max imum 1 3  3 l 4 l 
1 9  Ka lmia l a t ifolia 33  7 
Pie r is  f l or ibund a l l  3 l 
Va c c in ium s p . 5 
20 Ka lmia l a t ifolia  13  8 
Pie r is  f l or ibunda 3 
Va c c in ium s p .  24 
2 1  Ka lmia l a t if o l ia 6 l 
Pie r  is  f loribunda lO 2 l 3 
Rhodode ndron max imum 3 
22  Ka lmia l a t if o l i a  9 5 
Pie r  is f l oribunda 2 6  9 
Vac c in ium sp . 4 
2 3  Ka lmia l a t i f o l ia 1 5  7 
Va ccinium s p .  2 1  
6 7  
D iame te r  C l a s se s  
P l ot . 1 - . 69- l .  2 7- l .  85- 2 . 43-
No . Taxa . 68 l .  2 6  l .  84 2 . 42 3 . 00 
24 Ka lmia l a t if o l ia 52 3 
Pie r is  f l oribunda 7 l 
Va c c inium s p . 12 
2 5  Ka lmia l a t ifo l ia 6 7 2 l 
Pie r is  f l or ibunda l 2 2 
Va c c in ium s p .  2 8  
2 6  Ka lmia l a t ifol ia 3 12  2 
Rhodode ndron max imum 6 l l l 
2 7  Ka lmia l a t ifolia  10 2 2 
P ie r  is  f l or ibunda 5 
Va ccinium s p .  9 
2 8  Ka lmia l a t i fo l ia 1 14 4 
Va c c inium s p .  7 
2 9  Ka lmia la t if o l i a  5 5 3 
Pie r is  f l or ibunda 3 l 2 
Va cc inium s p .  l 
30 Ka lmia l a t if o l i a  7 5 l l 
Rhododendron max imum 12 4 l 
3 1  Ka lmia l a t if o l ia l 5 l 
Va c c in ium s p .  1 
32 Ka lmia l a t i f o l ia 9 12  3 
3 3  Ka lmia l a t if o l ia 14 2 6  3 
34 Ka lmia l a t if o l ia 8 1 1  3 l 
Va c c in ium s p . 2 
3 5  Ka lmia l a t ifolia  3 7  7 
Va cc inium s p .  32 
3 6  Ka lmia l a t ifo 1 ia 1 7  12  
Pie r is  f loribunda 7 3 2 l 
Va c c in ium s p . 5 
3 7  Ka lmia l a t if o l ia 4 10 3 
Pie r is  f lor ibunda 8 
68 
D iame te r  C l a s se s 
P l ot . 1 - . 6 9- l .  2 7- 1 . 85- 2 . 43-
No . Taxa . 68 l .  2 6  l .  84 2 . 42 3 . 00 
38 Ka lmia l a t if o l ia 2 2  48 5 
Pie r  is  f l o r ibunda 2 0  8 5 1 
39  Ka lmia l a t if o l i a  4 6  1 8  l 
Va ccinium s p . 1 7  
40 Ka lmia l a t if o l ia 2 1  4 l 
